Background: The study's purpose is to describe the development and evaluate the reliability (inter-observer agreement) and validity (rater agreement with a gold standard) of a direct observation instrument to assess park characteristics that may be related to physical activity. Methods:. A direct observation instrument of 181 items was developed based on a conceptual model consisting of the following domains: features, condition, access, esthetics, and safety. Fifteen pairs of observers were trained and sent to two parks simultaneously to assess two Target Areas each. Results: Overall domain reliability was 86.9%, and overall geographic area reliability was 87.5%. Overall domain validity was 78.7% and overall geographic area validity was 81.5%. Conclusions: Inter-rater reliability and validity were generally good, although validity was slightly lower than reliability. Objective items showed the highest reliability and validity. Items that are time-sensitive may need to be measured on multiple occasions, while items asking for subjective responses may require more supervised practice.
audit instruments have been developed to assess the walkability and bikability of environments, 16 little is known about the specific characteristics of parks that are related to physical activity. Understanding the park characteristics that are related to physical activity could inform park design and amenity standards that might support more physical activity in the population. The objective of this paper is to describe the development and evaluate the reliability and validity of a direct observation instrument to assess park characteristics.
Methods

Bedimo-Rung Assessment Tools (BRAT) Overview
The direct observation instrument assessed in this study was developed as part of a larger project, the goal of which was to develop and test a set of instruments (the Bedimo-Rung Assessment Tools, or BRAT) designed to measure the physical, social, and policy environments of parks. The BRAT is a multi-method approach incorporating the use of direct observation (BRAT-DO), informant interviews, aerial photography, geographic information systems (GIS), and archival data to collect information about parks that may be related to physical activity occurring in them.
Items in the BRAT were developed based on the conceptual framework of park environmental characteristics developed by Bedimo-Rung et al. (Figure 1 ). 17 Six domains of park characteristics have been identified: 1) Features, 2) Condition, 3) Access, 4) Esthetics, 5) Safety, and 6) Policies. Features include the number, size, and type of facilities and programs offered at parks, as well as the diversity of users and uses found within them. Condition covers the routine upkeep, maintenance, and repair of park facilities, as well as incivilities, or cues in the environment, that provide signals about how to behave. Evidence of incivilities is found in disorderly physical surroundings (e.g., litter, graffiti) and disruptive social behaviors (e.g., drinking, loitering). Four different types of Access are considered in the framework. Availability includes the amount of total park space available in a given city; equitable access considers how park space is distributed across communities; individual access refers to an individual's ability to get to a park; and within park access refers to the ability of people to move around easily inside the boundaries of a park and access specific facilities. Esthetics incorporates the perceived attractiveness and appeal of the various design elements of a park as well as how the physical features of parks are laid out. Safety refers both to the personal security of park users from crime and to the ability of park features to prevent injury. Policies refer to park design policies, management practices, and budget procedures.
In addition to the six domains of park characteristics, the framework proposes four geographic areas in which data should be collected. 17 Activity Areas are the areas within a park that are specifically designed or commonly used for physical activity. They can include sports fields and courts, swimming pools, paths or trails, playgrounds, open green spaces, or other areas where physical activity occurs. Park Supporting Areas include those facilities and equipment that make physical activity in parks attractive and safe to a variety of users. They may contain features that do not directly promote physical activity but are nonetheless an integral part of the park visitation experience, such as community buildings, shelters, restroom/ changing facilities, picnic areas, parking lots, etc. The Surrounding Neighborhood is another important area to consider when evaluating park characteristics, since people must cross through the surrounding neighborhood in order to enter the park. A variety of neighborhood characteristics across several domains are likely to have an effect on how people perceive and use a park, including traffic, blighted or abandoned housing, crime, and resident demographics. Finally, the Overall Park must be considered. Certain park characteristics, such as esthetic appeal, size, and diversity of programs, are not limited to specific areas of the park and should be applied to the whole park area.
While the framework is comprehensive in describing the types of attributes that may be relevant to physical activity, it is likely not possible to collect data on all aspects using only one method of data collection. This paper focuses on just one of the BRAT methods, the direct observation instrument (BRAT-DO), which captures data on many but not all aspects of the conceptual model. The domains and geographic areas that are covered in the BRAT-DO are shown in bold in Figure 1 .
Instrument Development
The BRAT-DO instrument is a paper-and-pencil assessment used by observers in the field to visually identify and evaluate the physical characteristics of parks. It was developed through a series of meetings with an expert panel using the Delphi method. 18 The expert panel consisted of regional planners, park directors, physical activity specialists, study investigators, physical activity enthusiasts, and park users. An initial brainstorming session took place where all potential park characteristics were outlined and discussed. Study investigators then operationalized the characteristics into measurable instrument items. An iterative process of refining this list of items then followed, which included periodic meetings of the study investigators and preliminary field testing sessions during which items were discussed, revised, or discarded according to their measurement feasibility and their concordance with the conceptual model.
The final BRAT-DO instrument includes items in five of the six conceptual domains: Access, Condition, Esthetics, Features, and Safety, as well as subcategories of these domains. Several administrative items that identify specific areas and observers as well as dates and times of observation, are also included. The park geographic area types considered include Activity Areas, Supporting Areas, and the Surrounding Neighborhood. The instrument contains one form for each Target Area, Street, and Activity Area (Court, Green Space, Path, Playground, and Sports Field). Target Areas are mutually exclusive subdivisions of the park and are predetermined by the investigators. The Target Area form includes questions on esthetics and condition, landscaping, trash, litter, sounds and smells, benches, bike racks, shelters, restrooms, concession stands, buildings, drinking fountains, picnic tables, water features, art and monuments, parking areas, and park staff. Each Activity Area is considered to be located within a Target Area, so that all the items on the Target Area form apply to the Activity Areas as well. The Surrounding Neighborhood is captured through a series of questions on the Street form, where streets border, cross, or are located entirely within a Target Area. Items relevant to the Overall Park were assessed as well, but are not included in this analysis due to the limited number of Target Areas that were sampled. Thus, seven forms covering five domains and three geographic area types were used, for an overall total of 181 items (Table 1) .
Items on the BRAT-DO instrument consisted of a variety of question types. There were checklists, asking observers to note the presence or absence of specified features (e.g., What structures are present on the sports field? Circle all that apply: football goal posts, soccer goal posts, fence around home plate, dugouts, seating, batting cage/warm-up area, scoreboard, stadium, no structures present). Some items asked the observers to rate a characteristic using a 5-point rating scales (e.g., How much graffiti is visible in the Target Area? Choose one: none, very little, some, a moderate amount, a lot). Some items asked observers to select one of a variety of categorical responses (e.g., What type of surfacing is under the play equipment? Choose one: hard, grass/turf/soil, loose fill, rubber tiles or unitary synthetic surface).
Other items asked observers to write in information (e.g., If there is a speed limit sign, specify speed limit.). A first draft (Round 1) was completed and pilot-tested by one data collector in a 400-acre regional test park in fall 2003 and then further refined. A second version of the instrument was tested for reliability in spring 2004 (Round 2) in the same test park, using a representative sample of eight of the 24 Target Areas, and 16 teams of observer pairs. Revisions were again made and a third and final instrument (Round 3) was developed and tested for reliability in fall 2004. The results from this third and final round of testing are presented here.
Training, Mapping, Data Collection Procedures, and Gold Standard
During Round 3 of testing, 15 teams of observer pairs were trained in the BRAT-DO methodology. Observers were students in a masters-level Survey Methodology course. A comprehensive BRAT-DO reference manual was developed by the investigators for use in training and as a reference guide. The manual outlines the procedures to be used for data collection, specific instructions on how to answer individual items, and illustrative photos of item examples. Observer pairs were asked to read the manual prior to the training. During the training session, a PowerPoint presentation summarizing the BRAT-DO reference manual was presented. This was followed by field practice and discussion in a park.
On the day of data collection, seven teams of observer pairs were sent to the original test park, and eight teams were sent to a second 200-acre regional park. Two large regional parks were chosen for testing because of the diversity of their features. Four representative Target Areas containing a variety of targeted park characteristics were selected for evaluation in each park. Area boundaries were identified by the investigators prior to the data collection. Aerial photographs of each park were used to identify logical Target and Activity Areas, as well as visible park features. Investigators then visited each park to refine boundary lines and identify features that were not visible on the aerial photographs. Final maps were supplied to each observer. Each team surveyed two Target Areas on the same morning so that each of the eight target areas was surveyed a total of three to four times by three to four different teams.
A team of two investigators closely involved in the development of the BRAT-DO assessed each area by consensus 2 wk prior to data collection. These assessments were used as the gold standard.
Analysis
Analysis was conducted in SPSS and Excel. Inter-observer agreement was used to assess reliability by calculating percent agreement among the observers. This method is the simplest and most frequently used index of agreement. 19 The drawback to using this method, versus another index of agreement such as Cohen's kappa, is that it overestimates true agreement because it does not account for agreement due to chance. This study was not designed to reliably calculate Cohen's kappa values. For this study, Cohen's kappa would optimally be used when two (or more) observers rate an item on a dichotomous scale for a number of Target Areas. In this study, however, 15 pairs of observers were used to rate the various features of the two parks. While all eight Target Areas were measured between three and four times, no single pair of observers rated more than two Target Areas for the study. Hence, kappa values would be calculated using a sample size of two Target Areas, not a useful or reliable sample size on which to base conclusions. Similar constraints occur for the other Activity Areas.
Continuous items assessed on a five-point rating scale were dichotomized, and frequency distributions for individual items in each area were calculated. Reliability for each item was assessed by summing the number of observations with the majority response in an area divided by the total number of areas observed for the item. Reliability on individual items was then summarized and grouped into domains and geographic areas. Average, maximum, and minimum agreement for each domain and geographic area was calculated, along with the total and percentage of items in each domain or geographic area that showed agreement above 70%, which we consider to be sufficiently reliable. 19, 20 Validity analysis was conducted by comparing the responses of the data collectors to the responses of the gold standard evaluation conducted by the two experts prior to the third round of testing. Validity for each item was assessed by summing the number of observations with the correct response (compared to the gold standard) in an area divided by the total number of areas observed for the item. Validity of individual items was summarized by grouping items into domains and geographic areas. Average, maximum, and minimum agreement for each domain and geographic area was calculated, along with the total and percentage of items in each domain or geographic area that showed agreement above 70%, which is considered to be sufficiently reliable. Table 2 shows the inter-rater reliability of individual items summarized by domain. The average agreement within each domain ranged from a low of 83.7% in the domain of Esthetics to a high of 91.9% in the domain of Features. Agreement within each domain ranged from 63.6% to 100%. Average agreement over all the domains was 86.9% (range 67.3% to 100%). All of the domains exhibited high overall agreement (defined as having a high percentage of individual items with greater than or equal to 70% agreement), with a minimum of 87.5% of items within domains at greater than or equal to 70% agreement. Table 3 shows the same data, summarized instead by geographic area. Average agreement by area ranged from a low of 81.8% in Path to a high of 93.3% in Court. Agreement within each area ranged from 63.6% to 100%. Average agreement over all the geographic areas was 87.5% (range 69.6% to 99.5%). All geographic areas had at least three-quarters of their items exhibit high agreement. Table 4 shows the validity of individual items summarized by domain. The average agreement with the gold standard assessment within each domain ranged from a low of 68.3% in the domain of Esthetics to a high of 88.3% in the domain of Features. Agreement within each domain ranged from 33.3% to 100%. Average validity over all the domains was 78.8% (range 42.8% to 99.3%). Three of the domains (Access, Features, and Safety) showed high overall agreement, where most (at least 85.7%) of their individual items exhibited individual item agreement over 70%. Table 5 shows the same data, summarized by geographic area. Average validity by area ranged from a low of 72.9% in Green Space to a high of 88.8% in Court. Agreement within each area ranged from 33.3% to 100%. Average validity over all the domains was 81.5% (range 48.7% to 99.5%). Every geographic area except for Playground showed high overall validity, with at least three-quarters of the individual items exhibiting individual item agreement over 70%. Table 6 illustrates selected items, the number of sites in which the items were assessed, the number of observations that occurred for each item, the number of possible response options for each item, individual item reliability, and individual item validity based on comparisons with the gold standard assessment for the different domains and various geographic regions. For example, in the Access domain, the item "Can the entire Target Area be locked?" was assessed on the Target Area form in eight different sites (or Target Areas) by a total of 30 observer pairs. This item had an item reliability agreement of 93.8% and an item validity agreement of 93.8%. Note. *Assessed on a 5-point scale, then dichotomized for this analysis.
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Discussion
While several studies have attempted to measure the suitability of the general environment for walking and bicycling, 16, 20, 21 no similar audit instruments have been developed for assessing the specific characteristics of park environments for physical activity. This study provides information on the development, reliability, and validity of an original tool designed and guided by a theoretical model. 17 In general, inter-rater reliability was good, whether assessed by domain or geographic area; that is, there is high reliability in every domain and geographic area. Validity in all geographic areas and domains was also high, albeit somewhat lower than reliability (particularly in the domains of Condition and Esthetics and in the geographic area of Playground). The finding that raters tended to be in higher agreement amongst themselves than they were when measured against the gold standard raters was not unexpected. This could be explained by the fact that the gold standard raters conducted their assessments 2 wk prior to those of the rest of the observers; hence, any changes that took place in the parks during those 2 wk, particularly for time-sensitive items, could affect the ability to measure validity. For example, the item asking "How much litter is present in the Target Area?" had 74% reliability but only 55% validity. Similarly, the item asking the observer to "Rate the general cleanliness of the restrooms" had 76% reliability and 67% validity. It is reasonable to expect, however, that the amount of litter or the cleanliness of a restroom can change significantly in a 2-wk period, as they both depend on routine maintenance occurring on a frequent basis. Future research should explore the types of items that are likely to vary within a short time period and determine how many observations over time would be necessary to obtain more stable estimates of these characteristics.
Some items, particularly those asking observers to estimate the amount of shade in an area, performed very poorly and will be modified in the final instrument. Another technique to assess shade, such as the Vertical Sighting Tube method used in the field of ecology, 22 may be more objective and ultimately more reliable and valid. This technique involves observers systematically and with a random starting point locating transects in a Target Area and then locating a calculated number of points to sample on each transect. At each sampling point, the observer looks directly through a sighting tube; if the view through the tube contains foliage or leafless branches, this constitutes a "hit." If the view is devoid of leaves and branches, this constitutes a "miss." The number of hits and misses is then tallied and the percent of potential shade (ratio of hits to misses) is calculated. 22 In a comparison of various techniques to measure tree coverage, the Vertical Sighting Tube method was deemed both the most accurate and the most efficient. 23 This technique can be used in any season and avoids the "time-dependent" bias mentioned above as any natural growth, whether it is leaves or branches, counts as shade.
Items assessing the condition of features or the esthetics of an environment tended to have the lowest reliability and validity ratings. This is likely due to the majority of the items in these domains being inherently subjective. Pikora et al. also found lower reliability among subjective items in the SPACES audit instrument, suggesting that scores varied based on observers' previous experiences. 20 Although these items scored lower than the less subjective items, they are still likely to be important correlates of physical activity and therefore should not be eliminated entirely. Individual ratings on items in the Condition and Esthetics domains were similar to ratings in other domains. Thus, we feel it is possible to design a more comprehensive training program which would incorporate multiple structured practice observations in varied park environments so that observers share more common experiences. Future work on the instrument will focus training in this direction.
Conversely, the Features domain had both the highest inter-rater reliability and validity agreement. This domain contains numerous items asking observers to denote presence or absence of various features. These types of items intrinsically leave little room for interpretation by the observer and therefore helped produce higher agreement values.
A limitation of this analysis is the grouping and summarizing of individual items on the instrument. We attempted to group items by logical domains and geographic areas according to our previously defined conceptual model. 17 This resulted in some groups having significantly more or fewer items than others (e.g., Green Space contained 4 items compared to 85 items in Target Area), thus affecting summarized results. For this reason we grouped items both into domains and geographic areas and found that overall averages varied little despite the method of grouping.
Another limitation to this study is that the BRAT-DO instrument was developed in a single location and has not yet been tested in other geographic areas of the country. It will likely need to be adapted to other locations with different climates and different local characteristics, necessitating a collaborative approach to develop a truly generalizable instrument. The instrument is flexible enough that additional modules covering other Activity Areas can also be added easily.
One major lesson learned from this study is the importance of good training. Ideally, training should involve both classroom time and multiple field practices. Time spent in a classroom setting going over both the study objectives and the intricacies of each individual item on the instrument is necessary for a clear understanding of concepts, definitions, and procedures. This should be followed by substantial practice time in a variety of park settings, so that data collectors are exposed to multiple types of park environments and various conditions while still being supervised. In fact, with every subsequent round of testing of the BRAT-DO, we have increased the amount of time devoted to training. Our current recommendation is to spend a morning in the classroom setting and an afternoon or more in the field doing supervised practice. Practice time should incorporate simultaneous environmental assessments by the data collectors and by the experts, followed by a comparison and discussion of each observer's responses. In this way, observation skills can be honed and data collectors can begin to approach subjective items from a consistent and standardized knowledge base.
Another important lesson is the necessity of good maps for use in the field and training on their use. It is possible that some observers got lost and mistakenly assessed an environment outside of the study area, contributing to some of the low scores. Maps of study areas should be created using GIS and aerial photography to ensure accuracy, and major landmarks should be clearly noted on each map. Ample time during the training should be spent on recognizing landmarks and identifying appropriate boundaries.
Future work on the BRAT-DO will include all the modifications suggested above. Because the number of items on the BRAT-DO is currently very high, further development of scales and summary scores based on the theoretical model and statistical analysis will be explored to simplify data analysis. Confirmatory factor analysis could be used to determine if variables are statistically associated with the theoretical domains. This technique could help reduce the overall number of variables by removing ones not associated with any of the theoretical domains. Additionally, correlation matrices of the variables within each Activity Area could be examined to measure the strength of the linear relationship between variables. Variables with strong linear relationships to other variables could be removed from the tool due to the redundancy of information obtained from them. Future work will also focus on combining the BRAT-DO with the other BRAT components (the Informant Interview, aerial photography, GPS, and archival data), such that each method works seamlessly together, in the field, during desktop processing, and in analysis. We will also investigate the possibility of using personal digital assistants to capture the direct observation data in the field. This will allow for simultaneous data collection and data entry and may easily be combined with the GIS component of the BRAT methods. Finally, we will be using the BRAT instruments in a study designed to measure physical activity in parks. This will allow us to test associations between the various park environmental characteristics and physical activity, and thus inform the discussion of how to engineer physical activity back into our daily lives.
Conclusions
While this direct observation instrument provides a method for collecting reliable and valid data on park environments, it is important to remember that not all relevant characteristics can be captured adequately and objectively with one methodology. Other methodologies such as GIS, informant interviews, and the use of archival and survey data should also be explored. This project will continue to modify and refine the BRAT-Direct Observation instrument, as well as further develop and incorporate the use of these other methodologies. The BRAT-Direct Observation tool provides a methodology that allows rigorous and detailed studies to be conducted that evaluate associations between specific park characteristics and physical activity among individuals.
